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© Process of Injection stretch blow molding hollow article having thick-walled bottom. 



© The present invention provides an injection 
stretch blow molding process which can form a 
hollow article having a thick-walled bottom wall by 
regulating the bottom region (18) of an injection 
molded preform (10) to a temperature lower than 
that of a barrel preform portion (16) at a blow mold- 
ing station. In the process, a bulged portion (80) 
formed on the distal end of a stretching rod (70) and 
regulated in temperature is brought into contact with 
the inner bottom and adjacent side walls of the 
preform which correspond to the bottom region of 
the hollow article to be formed into an increased wall 
thickness, before start of a biaxially stretch blow 
molding step wherein the preform having a potential 
heat provided in the injection molding step is bi- 
axially stretched to form the hollow article. The re- 
gion of the preform contacting the bulged end por- 
tion has a temperature lower than another region of 
the preform non-contacting the bulged end portion. 
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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates a process of in- 
jection stretch blow molding a hollow article having 
its thick-walled bottom, such as refillable and re- 
turnable bottle (hereinafter called "R-R bottle") or 
pressure vessel subjected to an internal pressure 
from a carbonated beverage contained therein. 

Description of the Related Art: 

R-R bottles have been developed to meet re- 
quirements in the reuse of resources and can be 
repeatedly used. The used R-R bottles are washed 
with caustic soda at a raised temperature and sub- 
jected to various tests such as heat stability test at 
about 38 degrees C or the like. If the bottom wall of 
the R-R bottles is too thin, they cannot withstand a 
predetermined number of repeated uses due to 
cracking or crazing. On the other hand, a pressure 
vessel subjected to the internal pressure generally 
have its inwardly concave bottom wall which is 
known as champagne bottle's bottom. If the bottom 
wall of such a pressure vessel is too thin, the 
bottom wall may be undesirably deformed to be 
outwardly concave under the internal pressure of 
the pressure vessel. It is thus required in the art 
that the bottom walls of such bottles and/or vessels 
is larger in wall-thickness than those of the barrel 
portions. 

In general, such a bottle having its thick-walled 
bottom may be molded by controlling the wall 
thickness of a preform and also the temperature 
condition in the preform. In the hot parison system 
wherein a preform (parison) maintaining heat ap- 
plied thereto on the injection molding step is bi- 
axially stretch blow molded, however, the wall- 
thickness and temperature condition must be expe- 
rientially determined. This renders the design of 
the pressure bottle and/or vessel very difficult since 
the champagne bottle's bottom may be too thin or 
since the bottie bottom may have crater-shaped 
thick wall portions when the preform is caused to 
have an excessive wall thickness. 

The provision of thick-walled bottom to a ves- 
sel or bottle has been proposed, for example, in 
Japanese Patent Laid-Open No. Sho 64-5815 or 
Japanese Patent Laid-Open No. Hei 2-128826. 

In these prior techniques, a preform has a 
barrel portion and a bottom wall, the barrel portion 
having a thick-walled part at a position near the 
bottom wall of the preform. The thick-walled part of 
the barrel portion is formed, at its inner and top 
wall, with a step, a taper or a projection which is 
adapted to engage the distal end of a stretching 
rod mechanically. When the stretching rod engages 



the step, the taper or the projection of the barrel 
portion, said thick-walled part of the barrel portion 
near the bottom wall of the preform is less sub- 
jected to the longitudinally stretching force from the 

5 stretching rod. Thus, the longitudinally stretching 
operation can be performed while maintaining the 
longitudinally stretching force acting on the upper 
region of the preform larger (see Figs. 9. 17 and 18 
of Japanese Patent Laid-Open No. Sho 64-5815 

10 and Fig. 7 of Japanese Patent Laid-Open No. Hei 
2-128826). Thus, the thick-walled part of the barrel 
portion adjacent the bottom wall of the preform can 
be maintained at a wall thickness substantially 
equal to that provided on the injection melding step 

75 substantially immediately before the end of the 
longitudinally stretching step while the remaining 
parts are being stretched. A blew air (secondary 
blew air in Japanese Patent Laid-Open No. Hei 2- 
128826) is thereafter introduced into the preform to 

20 stretch the thick-walled barrel part into engagement 
with the inner wall of the blow mold. The thick- 
walled barrel part adjacent the bottom wall can be 
formed into a wall thickness larger than that of the 
upper barrel part. 

25 One of the techniques relating to the present 

invention is disclosed in Japanese Patent Publica- 
tion No. Sho 50-13829 which describes a technique 
of regulating the temperature of a preform to be 
stretch blow molded, although it does not aim to 

30 mold the thick-walled bottom of a bottle. This tech- 
nique regulates the temperature of a prefers bot- 
tom such that it will not be penetrated by the 
stretching rod while the latter is in contact with the 
inner bottom » wall of the preform, in a re-heating 

35 step before the injection molded preform is moved 
to the blow molding stage. Such a technique is an 
early developed temperature regulating system for 
hot parison, in which the entire preform is regulated 
uniformly to a temperature suitable in stretching to 

40 secure a desirable distribution of temperature along 
the longitudinal axis of the preform (i.e. lower tem- 
perature at the bottom wall) such that the bottom of 
the preform will not be penetrated by the stretching 
rod. 

45 In the molding techniques disclosed in the 

aforementioned Japanese Patent Laid-Open No. 
Sho 64-5815 and Japanese Patent Laid-Open No. 
Hei 2-128826, a preform having a specific configu- 
ration in which a thick-walled part is formed in the 

so barrel portion of the preform at a position adjacent 
to the bottom wall of the preform and in which the 
preform has a rapid transition in wall thickness 
between said thick-walled part and the remaining 
parts of the barrel portion must be injection mol- 

55 ded. This renders the workability of the injection 
mold and particularly core rod difficult. Further- 
more, it is very difficult not only to set various 
conditions on injection molding such a preform, but 
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also to regulate the temperature of the preform 
before blow molded. It is particularly rare that a 
desired wall thickness in the bottom of a bottle is 
obtained as the design. The control of wall thick- 
ness must be attained by re-setting the injection 
conditions in accordance with changes in the core 
rod. Such an operation is extremely cumbersome. 
On the other hand, the process of biaxially stretch 
blow molding a preform into a bottle has an inher- 
ent temperature suitable in stretching, at which the 
portion below the neck portion has generally a 
temperature higher than that of the bottom portion. 
Where the barrel wall portion of the preform at a 
position adjacent to the bottom wall portion is thick- 
walled, the thick-walled barrel part has its in- 
creased heat capacity which will maintain a level of 
temperature given by the injection molding step 
higher. It is thus very difficult to regulate the tem- 
perature of the thick-walled bottom part to a re- 
duced level. In order to regulate the temperature of 
the aforementioned preform having its specific con- 
figuration, it must be secured that the bottom wall 
part having its increased heat capacity is regulated 
to a lower temperature while the thin-walled barrel 
part having its decreased heat capacity is regulated 
to a higher temperature. 

The aforementioned Japanese Patent Laid- 
Open No. Sho 64-5815 and Japanese Patent Laid- 
Open No. Hei 2-128826 do not disclose the control 
of temperature on a specific preform at all. In order 
to realize the above technique, however, it is es- 
sential to accomplish a difficult goal that the spe- 
cific preform can be regulated into an appropriate 
temperature for stretching. 

The aforementioned Japanese Patent Publica- 
tion No. Sho 50-13829 discloses a technique of 
regulating the temperature of the bottom preform 
wall by the use of a stretching rod at the reheating 
step different from the blow molding step. How- 
ever, this technique does not teach and suggest 
that the bottom wall of a bottle should be main- 
tained a desirable wall thickness, but only de- 
scribes the use of a stretching rod contacted by 
the inner bottom wall of the preform to regulate the 
temperature thereof. This is probably sufficient to 
prevent any penetration of the bottom preform wall 
by the stretching rod. It is, however, apparent that 
the wall thickness of the final product will be ad- 
versely affected by changes in temperature be- 
tween the reheating step and the blew molding 
step and yet that the desired wall thickness at the 
bottom wall required in R-R bottles and the like 
cannot be secured only by regulating the tempera- 
ture of the inner bottom wall of the preform. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 



to provide an injection stretch blow molding pro- 
cess which can reliably ensure a hollow article 
having a desired thick-walled part which is higher 
in mechanical strength. 

5 Another object of the present invention is to 

provide an injection stretch blew molding process 
which can stably form a hollow article having a 
bottom wall of a wall thickness as the design by 
regulating the temperature of a portion! adjacnet to 

ro the bottom wall in the blow molding station. 

To this end. the present invention provides a 
process for injection stretch blow molding a hollow 
article having a thick-walled bottom, the process 
comprising the steps of: 

75 injection molding a preform in the form of a 

closed-end cylinder in an injection molding station; 

moving said preform to a blow molding station 
wherein said preform is placed within a blow cavity 
mold while said preform still retains a heat pro- 

20 vided thereto by the injection molding step; 

regulating the temperature of the distal bulged 
end portion of a stretching rod inserted into said 
preform and bringing said distal bulged end portion 
into contact with the inner bottom and side wall of 

25 said preform corresponding to the thick-walled bot- 
tom region of said hollow article thereby regulating 
the temperature at the bottom region contacting 
with said distal bulged end portion into a level 
lower than that of the other region of said preform; 

30 and 

biaxially stretch blow molding said preform into 
said hollow article by blowing a pressurized fluid 
into said preform and also by driving said stretch- 
ing rod. 

35 In order to form the bottom wall of the final 

molding into a desired wall thickness, the process 
of the present invention brings the distal bulged 
end of the stretching rod into contact with the inner 
bottom wall. of the preform. This promotes a direct 

40 heat exchange between the mutually contacting 
parts. If the distal bulged end of the stretching rod 
has be previously regulated into a preselected tem- 
perature, the bottom region of the preform contact- 
ing the distal bulged end can be regulated into a 

45 temperature lower than that of the other part of the 
preform non-contacting the stretching rod. In addi- 
tion, the temperature regulating step can be carried 
out until immediately before and/or during the blow 
molding step of the preform. Therefore, the pro- 

so cess of the present invention can ensure the de- 
sired wail thickness at the bottom region of the 
hollow product by controlling the temperature 
thereof more accurately than the prior art where the 
temperature of the preform would be vary when it 

55 was moved from the temperature regulating step to 
the biaxially stretch blew molding step. The mold- 
ing resin material tends to be stretched more easily 
as the potential heat increases. The bottom 
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preform region regulated into a relatively low tem- 
perature by the distal bulged end of the stretching 
rod will be less stretched than the barrel portion 
above the bottom region of the preform. As a 
result, the wall thickness of the bottom preform 
region can be maintained constant from the initi- 
ation to the termination of the stretching step. 
Since the wall thickness can be ensured within a 
region of the bottom preform wall contacting the 
distal bulged end of the stretching rod, the final 
product can have its bottom region having a wall 
thickness maintained as the design. By locally reg- 
ulating the temperature of the bottom preform re- 
gion until immediately before the blew molding 
step, the condition of temperature regulating at 
each step can be stabilized to form hollow products 
with less variability. 

In the molding step after the temperature regu- 
lating step, the primary blew air is preferably intro- 
duced into the interior of the preform after the 
stretching rod has initiated to stretch the preform 
along its longitudinal axis. The pressure of the 
primary blow air is relatively low. Thus, the primary 
blow air is less blown into between the bulged end 
of the stretching rod and the bottom region of the 
preform contacting the bulged end. The wall thick- 
ness of this bottom preform region can be main- 
tained constant until immediately before the ter- 
mination of the stretching operation. The introduc- 
tion of the primary blow air stretches the ether 
region of the preform than the bottom region in the 
transverse direction to complete the shaping of the 
final product except the bottom region thereof. On 
the end of the transversely stretching step by the 
primary blew air, a part of the preform region which 
has originally contacted the bulged end of the 
stretching rod may be also stretched in the trans- 
verse direction and separated from the bulged end 
of the stretching rod. Since such an elongation is 
smaller than that of the other preform region, the 
wall thickness therein can be still maintained rela- 
tively constant. 

Thereafter, the secondary blow air having a 
pressure higher than the primary blew air is intro- 
duced into the interior of the preform. Air is more 
blown into between the bulged end of the stretch- 
ing rod and the preform region contacting the 
bulged end. The thick-walled bottom region of the 
preform will be stretched by the secondary blow air 
to form the complete shape of the final product. 
Since such an elongation at the thick-walled bottom 
region of the preform is relatively small, the wall 
thickness in the bottom wall of the final product can 
be maintained relatively thick. This provides the 
wall thickness of the bottom wall required in pro- 
ducing R-R bottles and other pressure vessels. 

In order to ensure that the wall thickness of the 
preform bottom is substantially maintained imme- 



diately before the end of the longitudinally stretch- 
ing step, the stretching rod may be driven a pre- 
determined distance along the longitudinal axis to 
bring the bulged end thereof into close contact with 

5 the bottom region of the preform before the 
preform is stretched by the stretching rod in the 
longitudinal, direction. If such a condition is main- 
tained for a predetermined time period, the bottom 
region of the preform can be locally regulated in 

to temperature. The temperature of the bulged end of 
the stretching rod can be more accurately con- 
trolled when a temperature regulating medium is 
circulated through the stretching rod. 

Preforms usable in the process of the present 

75 invention may be of a simple configuration which 
comprises a neck portion, a barrel portion and a 
bottom portion the wall thickness of the barrel 
portion being substantially uniform along the lon- 
gitudinal axis without any rapid transition. Such 

20 preforms can extremely facilitate to set the con- 
ditions of working the core rod and injecting the 
material. If it is desired to regulate the preform into 
a temperature suitable for stretching, the desired 
distribution of temperature can be easily accom- 

25 plished since the barrel portion of the preform has 
a substantially uniform wall thickness. 

The blow- cavity mold usable in the present 
invention may include any suitable heating means 
for heating the inner cavity wall thereof to a desired 

30 temperature. In such a case, a hollow article mol- 
ded in the blow cavity mold can be heat set to 
improve the hollow article in heat-resistance. After 
the heat setting has been done and before the 
mold is opened, a cooling medium may be prefer- 

35 ably introduced into the interior of the hollow article 
through the stretching rod. If the heated hollow 
article is not sufficiently cooled, it tends to be 
distorted on removing the product from the mold. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross-section of one 
embodiment of a biaxially stretch blow molding 
apparatus usable in carrying out the process of the 
45 present invention. 

Fig. 2 is an enlarged cross-sectional view illus- 
trating the intermediate stretching step which in- 
cludes the longitudinal stretching operation and the 
introduction of primary blow air. 
so Fig. 3 is an enlarged cross-sectional view illus- 

trating the stretching step proceeded from the step 
of Fig. 2. 

Fig. 4 is an enlarged cross-sectional view illus- 
trating the state immediately before the secondary 
55 blew air is introduced into the interior of the 
preform in place of the primary blew air. 

Fig. 5 is an enlarged cross-sectional view illus- 
trating the final state wherein the preform has been 
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molded by the introduction of the secondary blow 
air. 

Fig. 6 is an enlarged cross-sectional view illus- 
trating the state when the secondary blew air is 
introduced into the interior of the preform at a 
timing delayed from that of Fig. 4. 

Fig. 7 is an enlarged cross-sectional view illus- 
trating the final product molded by the stretching 
step shown in Fig. 6. 

Fig. 8A is a schematic cross-section of a 
preform usable in the apparatus of Fig. 1; and Fig. 
8B is a schematic cross-section of a bottle molded 
by the apparatus of Fig. 1 . 

Fig. 9 is an enlarged front view of the distal 
bulged end of the stretching rod shown in Fig. 1. 

Figs. 10A and 10B are front and bottom views 
illustrating another embodiment of the present in- 
vention in which the bulged end of the stretching- 
rod includes air escaping channels formed therein. 

Fig. 11 is a schematic cross-section of still 
another embodiment of the present invention in 
which a bottle is heat set by using a blow cavity 
mold which includes heating means contained 
therein. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Prior to the detailed description of some pre- 
ferred embodiments of the present invention, a 
preform usable in the process of the present inven- 
tion and a final bottle-shaped product molded ac- 
cording to this process will be described with refer- 
ence to Figs. 8A and 8B. 

The preform is in the form of a closed-end 
cylinder generally denoted 10. The preform 10 
comprises a neck portion 12 formed therein adja- 
cent to the opened end thereof, a barrel portion 1 6 
connected to the neck portion 12 through a shoul- 
der portion 14, and a closed bottom portion 18 
connected to the barrel portion 16. The preform 10 
does not have any specific distribution of wall 
thickness. The shoulder portion 14 is reduced in 
wall thickness as it goes to the neck portion 12 
while the barrel portion 16 has a substantially uni- 
form wall thickness in the axial direction. The wall 
thickness of the bottom portion 18 is smaller than 
that of the barrel portion 16. 

The preform 10 can be biaxially oriented to 
provide a bottle 20 which comprises a neck portion 
22 not substantially stretched and having substan- 
tially the same shape as that of the neck portion 12 
of the preform 10, a barrel portion 24 and a bottom 
portion 26. The barrel and bottom portions 24, 26 
are biaxially oriented. The bottom portion 26 is in 
the form of a champagne's bottle bottom required 
in manufacturing R-R bottles and other pressure 
vessels and has specifically important parts, that is, 



a slant wall part 2C having a wall thickness Ti , a 
self-standing bottom ring part 32 having a wall 
thickness T2 and a lower side barrel wall part 34 
having a wall thickness T 3 and having a preselec- 

5 ted height as measured from the self-standing bot- 
tom ring part 32. 

After injection molded, the preform 10 is 
moved to a temperature regulating stage, if neces- 
sary. In the temperature regulating stage, the 

70 preform 10 is given a distribution of temperature 
suitable for stretching. More particularly, the dis- 
tribution of temperature is such that the tempera- 
ture of the shoulder portion 14 is higher than that of 
the bottom portion 18. This may be accomplished 

re as by the use of temperature regulating pot and 
regulating core. After regulated in temperature, the 
preform 10 is moved to a biaxially stretch blow 
molding stage shown in Fig. 1, in which the 
preform is stretch blow molded into the shape of 

20 the bottle 20. 

The biaxially stretch blow molding step which 
is one feature of the present invention will be 
described in detail with reference to Fig. 1 . 

A mold assembly usable in this step generally 

25 comprises a blow cavity mold 40, a neck mold 50, 
a blow core 60 and a stretching rod 70. The blow 
cavity mold 40 is of a split type which comprises a 
pair of split mold sections 42a and 42b (the latter 
being not shown) movable toward or away from 

30 each other in a plane perpendicular to the plane of 
Fig. 1, and a vertically movable bottom mold sec- 
tion 42c. These mold sections is adapted to define 
a mold cavity 44 corresponding to the outline of 
the bottle 20 shown in Fig. 8B. The bottom mold 

35 section 42c includes an inwardly convex bottom 
cavity surface 44a corresponding to the shape of 
the bottom portion 26 of the bottle 20. 

The neck mold 50 is adapted to hold the neck 
portion 12 of the preform 10 and also function as a 

40 neck cavity mold used in the injection molding step 
in the hot parison system as in the present em- 
bodiment. The neck mold 50 has a cavity surface 
52 corresponding to the outline of the neck portion 
12 of the preform 10. The neck mold 50 comprises 

45 a pair of split mold halves 54a and 54b (the latter 
being not shown) movable toward or away from 
each other in a plane perpendicular to the plane of 
Fig. 1 such that the neck mold 50 can be ejected 
after the bottle 20 has been molded. The split mold 

50 halves 54a and 54b are supported on a neck mold 
mounting plate 56 such that they can be opened 
and closed. In this embodiment, the blow cavity 
mold 40 is invariable in height, but the neck mold 
50 is vertically moved by the vertical movement of 

55 the neck mold mounting plate 56 while holding the 
preform 10 or bottle 20. Thus, the preform 10 can 
be placed within the blow cavity mold 40 or the 
molded bottle 20 can be removed from the blow 
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cavity mold 40. 

The blow core 60 is used to introduce a blow 
air into the interior of the preform 10 through the 
neck portion 12 on clamping. The blow core 60 is 
of a concentrically doubled tube structure which 
comprises an inner passage 62 for receiving the 
stretching rod 70 (which will be referred to "rod 
passage") and an outer air passage 64. The top 
end of the air passage 64 is connected to an air 
inlet port 66 while the bottom end thereof is pro- 
vided with an air outlet port 68 communicating with 
the opening of the neck portion 12 of the preform 
10 on clamping. The air inlet port 66 can be 
alternately connected to a source of primary air 
used in the stretch blow molding step and to a 
source of secondary air having a pressure higher 
than that of the primary air. After the bottle 20 has 
been molded, the air inlet port 66 may be con- 
nected to an exhaust passage. 

The stretching rod 70 is of a concentrically 
doubled tube structure comprising an outer tube 72 
which may be made of aluminum and an inner tube 
74 which may be made of nylon. The top end of 
the outer tube 72 is connected to an inlet 76 for 
receiving a te 1 erature regulating medium such as 
water. An annular passage between the inner and 
outer tubes 74, 72 is connected, at the top end, to 
a water outlet 78. The distal end of the stretching 
rod 70 includes a bulged portion 80 formed therein 
which has a diameter larger than the external diam- 
eter of the outer tube 72. The bulged end portion 
80 functions as a stretching mandrel as in the 
conventional stretching rod and also as a tempera- 
ture regulating rod for controlling the temperature 
of the bottom portion 18 of the preform 10 when 
the bulged end portion 80 is in contact with the 
bottom portion 18. It is thus desirable that the 
bulged portion 80 is made of a metallic material 
having a good heat conductivity. Referring to Fig. 
9, the bulged portion 80 has its external diameter 
D2 slightly (e.g. 0.1 mm) smaller than the minimum 
internal diameter D1 of the bottom preform portion 
18 shown in Fig. 8A. On clamping, thus, the bulged 
end portion 80 can be smoothly inserted into the 
interior of the preform 10. 

Prior to the biaxially stretch blow molding step, 
the bulged end portion 80 is brought into contact 
with the inner wall of the bottom preform portion 18 
to regulate the temperature thereof. For such a 
purpose, the stretching rod 70 is excessively 
moved by a given distance after the stretching rod 
reaches the inner bottom wall of the preform 10. As 
a result, the internal diameter of the bottom 
preform portion 18 can be reduced to be brought 
into close contact with the bulged end portion 80. 
As shown in Fig.9, the expanded length L2 of the 
bulged end portion 80 along its profile is deter- 
mined to correspond to the expanded length Li of 



the region to be formed into a thick-walled portion 
in the bottom bottle portion 26 shown in Fig. 88. 

The process of the present invention for mold- 
ing the bottle 20 will be described below. 

5 

injection Molding Step for Preform 10 

As shown in Ftg. 8A, the preform 10 is of a 
simple configuration with the barrel portion 16 hav- 
ro ing a substantially uniform wall thickness in the 
axial direction without any rapid transition. There- 
fore, the preform 10 can be injection molded into a 
hollow article in the same manner as in the conven- 
tional injection molding process. 

15 

Temperature Regulating Step for Preform 10 

In the temperature regulating step, the region 
of the preform. 10 below the shoulder portion 14 is 

20 enclosed by the temperature regulating pot and the 
temperature regulating core is inserted into the 
interior of the preform 10. The distribution of tem- 
perature in the preform 10 suitable for molding the 
bottle 20 is generally established so that the tem- 

25 perature of the shoulder portion 14 is higher than 
that of the bottom portion 18. Since the preform 10 
of this embodiment has the barrel portion 16 hav- 
ing its substantially uniform wall thickness in the 
axial direction, the above distribution of tern per a- 

30 ture can be easily accomplished by independently 
controlling the respective zones of the temperature 
regulating pot with respect to temperature. 

Temperature Regulating Step for Bottom Portion 18 

35 

After temperature regulated, the preform 10 is 
moved to the biaxially stretch blow molding stage 
shown in Fig. 2 by the neck mold 50. After the 
preform 16 has been positively clamped as shown 

40 in Fig. 1, the bottom portion 18 of the preform 10 is 
locally regulated in temperature. For such a pur- 
pose, the stretching rod 70 is excessively moved a 
given distance (e.g. 2 mm to 5 mm) after it has 
reached the inner bottom wall of the preform 10. 

45 This reduces the inner diameter of the bottom 
preform portion 18 to bring the bulged end portion 
80 of the stretching rod 70 into close contact with 
the inner wall of the bottom preform portion 18. 
Temperature regulating water is introduced into the 

50 annular passage between the outer and inner tubes 
72, 74 of the stretching rod 70 and circulated from 
the bulged end portion 80 through the inner tube 
74 to the outlet 78. When the temperature of the 
water is controlled, the temperature of the bulged 

55 end portion 80 can be also controlled into a pre- 
determined level. The temperature of the bulged 
end portion 80 may be established such that a 
region A of the preform 10 contacting the bulged 
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end portion 80 shown in rig. 1 (which will be 
referred to "contact region") is lower in tempera- 
ture than the upper non-contact region B of the 
preform 10 non-contacting the bulged end portion 
(which will be referred to "non-contact region"). In 
this embodiment, the temperature of the contact 
region A is the same as that of the zone of the 
temperature regulating pot corresponding to the 
bottom preform portion 18 in the temperature regu- 
lating step after the injection molding step. Such a 
temperature is required to be set such that the 
contact region A of the bottom preform portion 1 8 
will be less stretched than the upper non-contact 
region B by the longitudinal motion of the stretch- 
ing rod 70 and the introduction of primary air. More 
particularly, the temperature is preferably set within 
a range between 30 degrees C and 80 degrees C 
and more preferably within between 60 degrees C 
and 70 degrees C. If the temperature is lower than 
the range, it becomes difficult to stretch the 
preform 10 with penetration of the stretching rod 
70. If the temperature is higher than the range, the 
preform 10 may be undesirably stretched not to 
provide a desired thick-wailed portion. Time period 
required to locally regulate the temperature of the 
bottom preform portion 18 is preferably ranged 
between 5 seconds and 8 seconds, including time 
period required to clamp the mold assembly, more 
preferably between 7 seconds and 8 seconds. It 
has been found that such a setting of time period 
can regulatee the temperrature of the bottom 
preform portion 18 into a level suitable for stretch- 
ing. It is noted that the biaxially stretch blow mold- 
ing step requires an amount of time increased by 
the temperature regulating cycle, compared with 
the prior art. However, the hot parison system 
determines the circulating cycle through the re- 
spective steps (that is, molding cycle) in accor- 
dance with the injection molding step which re- 
quires the maximum time period among all steps. 
The above increase of time period will not extend 
the molding cycle. 

The temperature regulating step maintains the 
temperature of the preform contact region A at a 
level sufficiently lower than that of the upper 
preform non-contact region B, which the boundary 
region therebetween having a definite temperature 
gradient. 

Biaxiaily Stretch Blow Molding Step 

(Longitudinal Stretch + Introduction of Primary 

Air) 

After the bottom preform portion 18 has been 
locally regulated in temperature, the stretching rod 
70 begins to be moved in the longitudinal direction. 
After passage of a given time period, the primary 
air is introduced into the interior of the preform 1 0 



through the blow core 60. The bottom contact 
region A contacting the bulged portion 80 will be 
moved downwardly while being in close contact 
with the bulged end portion 80. However, the bot- 
5 torn contact region A is hardly stretched since the 
potential temperature thereof is lower than that of 
the non-contact region B non-contacting the bulged 
end portion 80. Thus, the longitudinal motion of the 
stretching rod 70 will be substantially consumed to 
70 stretch the non-contact region B in the longitudinal 
direction. Since the contact region A is in close 
contact with the bulged end portion 80, the primary 
air having a relatively low pressure will be hardly 
blown into the bottom contact region A to stretch it 
75 in the transverse direction. In such a manner, the 
regions of the preform 10 other than the contact 
region A contacting the bulged end portion 80 will 
be exclusively stretched in both the longitudinal 
and transverse directions such that the stretch of 
20 the preform 10 proceeds in such a manner as 
shown in Fig. 2. 

Fig. 3 shows a state in which the stretching 
step further proceeds from the state of Fig. 2. In 
such a state of Fig. 3, the longitudinal and trans- 
25 verse stretchings are similarly made in the region 
of the preform 10 other than the contact region A. 
As the stretching step proceeds, the preform sec- 
tions will be brought into contact with the inner 
cavity wall 44 of the blow cavity moid 40 sequen- 
30 tially from the top region to the bottom region. 

When the distal bulged end of the stretching 
rod 70 reaches its lowermost position it is believed 
that the stretched state of Fig. 4 is attained. More 
particularly, the preform contact region A is se- 
35 quentially released from the upper side wall of the 
bulged end portion 80. In such a state, it is be- 
lieved that the contact region corresponds to the 
side bottom wall of the bulged end portion 80. 
However, the non-contact region of the bottom bot- 
40 tie portion is still maintained thick-walled due to the 
difficulty for stretching. The other region above the 
non-contact region will be shaped into contact with 
the inner cavity wall 44 of the blow cavity mold 40. 
The state of Fig. 4 is at the passage of, for exam- 
45 pie, one second from the start of the longitudinal 
stretching step. Immediately after the state of Fig. 
4, the secondary air is introduced into the interior 
of the preform. 

In order to ensure the aforementioned opera- 
50 tion, it is desirable that the primary air has a 
pressure equal to or less than 15 kg/cm 2 , the 
pressure being selected from a range between 5 
kg/cm 2 and 15 kg/cm 2 , depending on the rate of 
transverse stretching and the other factors. 

55 

Fixation of Shape by Introduction of Secondary Air 
After or immediately before arrival of the 
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stretching rod 70 at its lowermost position, the air 
inlet port 66 is connected to the source of secon- 
dary air. The secondary air will be introduced into 
the interior of the preform 10 through the blow core 
60. The secondary air has a pressure higher than 
that of the primary air and preferably ranged be- 
tween 15 kg/cm 2 and 40 kg/cm 2 . As a result, the 
bottom portion 18 of the preform 10 is stretched 
into close contact with the inner bottom wall 44a of 
the blow cavity mold 40. Since the bottom portion 
18 of the preform 10 maintains relatively thick- 
walled immediately before the introduction of the 
secondary air, the bottom portion 26 of the bottle 
20 can have its wall thickness larger than that of 
the barrel portion 24 even after the preform has 
been stretched by the introduction of the secon- 
dary air, as shown in Fig. 5. The fixation of shape 
in the entire bottle 20 can be realized by the 
introduction of the secondary air having its higher 
pressure. 

After the bottle 20 has been molded, the re- 
spective wall thicknesses Ti through T 3 in the 
bottom portion 26 of the bottle 20 shown in Fig. 8B 
were measured: 
Ti = 3.5 mm - 3.7 mm; 
T 2 = 2.0 mm - 2.2 mm; and 
T 3 = 1.7 mm - 1.9 mm. 

Resulting from the fact that the slope wall part 
30. self-standing bottom ring part 32 and lower side 
barrel wall 34 in the bottom region 26 of the bottle 
20 had the respective wall thicknesses mentioned 
above, various problems such as cracking, crazing, 
outwardly distortion of the champagne's bottle bot- 
tom and so on could be reliably avoided even 
though such bottles 20 were used as R-R bottles or 
pressure vessels subjected to the internal pressure 
from carbonated beverages. The fact that the bot- 
tom portion 18 of the preform 10 is stretched to 
overlay the inwardly convex cavity surface 44a of 
the bottom cavity portion by the introduction of 
secondary air can reduce the residual stress to 
increase the mechanical strength of the bottle. 
Since the self-standing bottom ring part 32 can be 
thick-walled, it can be molded into a uniform wall 
thickness, which would be difficult to mold so. In 
addition, the expanded length Li of the thick-walled 
region can be controlled by the expanded length Lz 
of the bulged end portion 80 corresponding thereto. 
Therefore, the present invention can greatly reduce 
the manufacturing cost since the work can be ex- 
tremely simplified, compared with the prior art 
wherein the wall thickness of the preform is regu- 
lated by shaping and working the injection mold to 
control the range of wall thickness in the bottom 
portion of the final product. 

In this embodiment, various timings for the 
longitudinal movement and speed of the stretching 
rod 70 and shifting between the primary and sec- 



ondary air sources can be adjusted. Particularly, if 
the timing for shifting between the primary and 
secondary air sources is variable, it was found that 
the following function could be realized. 

s Figs. 6 and 7 show states wherein the preform 

is stretched at two different timings of secondary 
air introduction delayed from the states of Figs. 4 
and 5, respectively. Fig. 6 illustrates a state 
wherein the preform is stretched by the secondary 

to air introduced after the passage of two seconds 
from the start of the longitudinal stretching step. It 
is understood that in such a state, the bottom area 
of the bottle 20 more than that of Fig. 4 are 
contacted by the inner cavity wall 44 of the blow 

T5 cavity mold 40. Fig. 7 illustrates the shape of the 
final product obtained by the introduction of secon- 
dary air after the state of Fig. 6 has been obtained. 
This is different from the state of Fig. 5 in that the 
height H2 of the side thick-walled portion in Fig. 7 

20 is higher than the height Hi of the side thick-walled 
portion 34 in the bottom portion shown in Fig. 5. In 
other words, the delay of timing in introducing the 
secondary air can ensure that the desirable height 
of the side thick-walled part of the bottom bottle 

25 portion 26 is provided. In such a case, the entire 
wall thickness of the side bottom thick-walled por- 
tion 34 in the bottom portion 26 of the bottle shown 
in Fig. 7 becomes somewhat smaller than that of 
the bottom portion 26 of the bottle 20 shown in 

30 Fig.5. However, cracking, which tends to be cre- 
ated in such -a region, can be prevented by in- 
creasing the height H2 . 

Thus, the present embodiment is advantageous 
in that the wall thickness and shape of the final 

35 product or bottle 20 at its bottom portion 26 can be 
easily controlled by changing the timing of secon- 
dary air introduction other than changing the shape 
of the bulged end portion 80 which is very difficult 
to modify mechanically. Such a control may be 

40 carried out also by regulating the pressure of the 
secondary blow air and the temperature of the 
bulged end portion 80. 

Comparative Example 

45 

When a conventional stretching rod was used 
without any circulation of temperature regulating 
water therethrough, a bottle so obtained had the 
following wall thicknesses Ti through T 3 at the 
50 respective bottom regions in the bottom portion 
thereof, as measured in the same manner: 
Ti = 3.5 mm; 
T 2 = 1.2 mm; and 
T 3 =1.0 mm. 

55 These wall thicknesses cannot provide such a 

mechanical strength as required in using the bottle 
as an R-R bottle or pressure vessel. 

Fig. 11 shows another embodiment of the 
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present invention in which a blow cavity mold 40 
includes internal heating means such as a water 
jacket 48 located therein. The water jacket 48 can 
heat the inner cavity wall 44 into a given level. 
After a bottle has been biaxially oriented within the 
blow cavity mold 40 and placed in contact with the 
inner cavity wall 44 thereof, the bottle can be heat 
set within the blow cavity mold 40. 

Before the heat set bottle is removed from the 
blow cavity mold 40, a cooling gas may be intro- 
duced into the interior of the bottle through a 
stretching rod to cool the bottle. The illustrated 
stretching rod 100 is of a concentrical triple-tube 
structure which is connected, at its distal end, to a 
bulged portion 110. The stretching rod 100 com- 
prises a first or central tube 102 for conducing the 
temperature regulating water into the bulged por- 
tion 110; a second or intermediate tube 104 for 
exhausting the temperature regulating water from 
the bulged portion 110; and a third or outer tube 
106 for introducing a cooling medium into the inte- 
rior of the bottle through a discharge port 108 
which is formed in the third tube 106 at a position 
adjacent the bulged portion 110. The introduction 
of the cooling medium is carried out to cool the 
bottle after the heat setting step. The cooling me- 
dium may be air at room temperature or liquid 
nitrogen. 

The biaxially stretch blow molding step in this 
embodiment is carried out in the same manner as 
in the previously described embodiment, until the 
introduction, of secondary air. As the bottle is 
shaped into contact with the inner cavity wall 44, 
the bottle is heat set since the inner cavity wall 44 
is heated. After the heat setting step is continued 
for a given time period, the air passage 64 of the 
blow core mold 60 is connected to the exhaust 
passage and also the cooling air is introduced into 
the third tube 106 of the stretching rod 100. The 
cooling air is then blown into the interior of the 
bottle through the discharge port 108 to cool the 
bottle and exhausted through the air passage 64. 
After the bottle cooling step has been performed 
for a given time period, the supply of the cooling 
air is stopped and the interior of the bottle is 
connected to the exhaust passage through the air 
passage 64. Thereafter, the mold assembly is 
opened such that the bottle can be removed from 
the blow cavity mold 50. 

When the heat set bottle was removed from 
the blow cavity mold after the cooling step, the 
heat shrinkage of the bottle on removing from the 
blow cavity mold could be prevented. It was further 
found that the heat setting step and the cooling 
step are extremely effective, particularly on mold- 
ing R-R bottles. When collected, the used R-R 
bottles were normally washed by the use of al- 
kaline solution at a raised temperature. This results 



in heat distortion of the R-R bottles. The inventor 
regulated the temperature of the blow cavity mold 
40 to a temperature of 110 degrees C and cooled 
the bottle for 17 seconds after the introduction of 
5 air was continued for 17 seconds and before the 
bottle was removed from the blow cavity mold. The 
dipping of the resulting bottle in a liquid of 58 
degrees C for 14 minutes was repeated twenty 
times. When the volume shrinkage of the bottle 
to was measured, the inventor found an excellent 
result that the volume shrinkage was equal to or 
less than 2%. 

It is to be understood that the present invention 
is not limited to the aforementioned embodiments 
75 and may be carried out in the various modified and 
changed forms without departing from the scope of 
the invention. 

As shown in Figs. 10A and 10B, for example, 
the present invention may be applied to a modifica- 
20 tion wherein the distal bulged end portion 80 of the 
stretching rod 70 includes a plurality of air escap- 
ing channels 82 formed on the outer wall thereof to 
extend from the top end to the bottom end of the 
bulged end portion 80. When the bulged portion 80 
25 is moved into close contact with the inner bottom 
wall 18 of the preform 10 air will not be accu- 
mulated between the distal end of the bulged por- 
tion 80 and the bottom wall of the preform 10 since 
the air can escape outwardly through the air escap- 
30 ing channels 82. This realizes the reliable move- 
ment of the bulged portion 80 into close contact 
with the inner bottom wall 18. In place of the 
circulation of temperature regulating medium 
through the stretching rod 70, only the bulged 
35 portion , 80 may be temperature regulated by a 
heater or. .other radiant means during a relatively 
long standby cycle after the stretching rod 70 is 
drawn out of the preform 10. 

The hollow article to which the present inven- 
40 tion can be applied is not limited to a champagne 
bottle as in the aforementioned embodiments and 
may be similarly applied to various processes for 
molding any other hollow articles having a rela- 
tively thick bottom wall. As described, the process 
45 of the present invention has been described with 
respect to a preform of relatively simple structure 
which includes a barrel portion having a substan- 
tially uniform wall thickness in the axial direction. 
However, the present invention may be applied to 
50 various configurations of preform. 

Claims 

1. A process of injection stretch blow molding a 
55 hollow article having a thick-walled bottom, 

comprising the steps of: 

injection molding a preform in the form of 
a closed-end cylinder in an injection molding 
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station; 

moving said preform to a blow molding 
station wherein said preform is placed within a 
blow cavity mold while said preform still re- 
tains a heat provided thereto by the injection 
molding step; 

regulating the temperature of the distal 
bulged end portion of a stretching rod inserted 
into said preform and bringing said distal 
bulged end portion into contact with the inner 
bottom and side wall of said preform cor- 
responding to the thick-walled bottom region of 
said hollow article thereby regulating the tem- 
perature at the bottom region contacting with 
said distal bulged end portion into a level lower 
than that of the other region of said preform; 
and 

biaxially stretch blow molding said preform 
into said hollow article by blowing a pressur- 
ized fluid into said preform and also by driving 
said stretching rod. 

2. A process as defined in claim 1 wherein said 
biaxially stretch blow molding step comprises 
the steps of: 

longitudinally moving said stretching rod to 
longitudinally stretch said preform while said 
bulged portion is maintained in contact with the 
inner bottom wall of said preform from the 
beginning of the longitudinal stretching step to 
immediately before the end of the longitudinal 
stretching step; 

introducing a primary blow air into the 
interior of said preform at the same time as the 
longitudinal stretching step to transversely 
stretch in order to shape said preform into said 
hollow article except the bottom and adjacent 
portions contacting said bulged portion; and 

thereafter introducing a secondary blow air 
into the interior of said preform, said secon- 
dary blow air having a pressure higher than 
that of said primary blow air to stretch the 
bottom region of said preform into engagement 
with the inner cavity surface of said blow cavity 
mold to mold said hollow article. 

3. A process as defined in claim 1 or 2 wherein 
after said stretching rod has reached the inner 
bottom wall of said preform, said stretching rod 
is further moved a given distance in the lon- 
gitudinal direction to bring the outer wall of 
said bulged portion into close contact with the 
inner bottom wall region of said preform and 
wherein the further longitudinal movement of 
said stretching rod is stopped for a given time 
period to regulate the temperature of the bot- 
tom region of said preform before said preform 
begins to be stretched by said stretching rod 



in the longitudinal direction. 

4. A process as defined in any one of claims 1 to 

3 wherein the distal bulged end portion of said 
s stretching rod includes air escaping channel 

means formed on the outer wall thereof to 
extend from the top end to the bottom end of 
said bulged end portion, whereby air caught 
between the distal end of said bulged end 
70 portion and the inner bottom wall of said 

preform can escape through said air escaping 
channel means to regulate the temperature of 
the bottom region of said preform. 

75 5. A process as defined in any one of claims 1 to 

4 wherein said injection molding step forms 
said preform to have a cylindrical barrel por- 
tion which is substantially uniform in wall thick- 
ness along the longitudinal axis thereof. 

20 

6. A process as defined in any one of claims 1 to 

5 wherein a temperature regulating station is 
located between said injection molding station 
and said blow molding station and wherein 

25 said temperature regulating station provides, to 

said preform, an axial distribution of tempera- 
ture in which the region of said preform below 
the neck portion is higher in temperature than 
the bottom wall portion. 

30 

7. A process as defined in any one of claims 1 to 

6 wherein a temperature regulating medium is 
circulated through said stretching rod to regu- 
late the temperature of the bottom region of 

35 said preform. 



A process as defined in any one of claims 1 to 
7 wherein said blow cavity mold includes heat- 
er means for heating the inner cavity wall 
thereof and wherein said process further com- 
prises the step of heat setting said hollow 
article in contact with the inner cavity wall of 
said blow cavity mold. 
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9. A process as defined in claim 8, further com- 
prising the step of introducing a cooling me- 
dium into the interior of said hollow article 
through said stretching rod to cool said hollow 
article after said heat setting step has termi- 
nated and before the moid assembly is 
opened. 

10. A process as defined in claim 9 wherein said 
stretching rod is of a multi-tube structure in- 
cluding a central tube for receiving a tempera- 
ture regulating medium to be circulated 
through said bulged end portion and an outer 
tube for receiving said cooling medium. 



19 



EP0 511 617 A1 



11. A process as defined in any one of claims 1 to 
10 wherein said hollow article is of a refillable 
and returnable bottle type. 
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